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Introduction 
Many montane species respond to global climate change by 
shifting their  ranges upslope as  the temperature  increases  at 
lower elevations. Alpine specialists are particularly susceptible 
to climate change1,2. Increasing temperatures can cause “sky-
islands” that isolate populations and may cause demographic 
bottlenecks3,  which  may  cause  a  genetic  bottleneck  in  a 
population, a reduction in the genetic diversity of a population 
following  a  reduction  in  population  size.  The  bushy-tailed 
woodrat,  an  alpine  specialist,  has  suffered  a  demographic 
bottleneck  across  the  Yosemite  Transect  (YT)  in  the  Sierra 
Nevada Mountains4,5. To determine if demographic bottleneck 
has  caused  a  genetic  bottleneck  we  will  compare  the 
demographic histories of Neotoma cinerea with N. macrotis, a 
closely related species whose range has remained constant.	

Objectives 
• Construct  a  phylogeny  including  genetic  samples  from the 
Yosemite Transect for each species to determine how they fit 
into their broader phylogenies.	

• Estimate and compare the population demographic histories 
of each species using molecular methods.	

Sample Area 
Phylogenetic Inference 
Methods	

We reconstructed phylogenetic relationships with a fragment of 
the mitochondrial cytochrome B sequence. Bayesian  inference with 
the HKY (+I for N. macrotis) model of sequence evolution for each 
species  was  conducted  in  MrBayes  v3.1.2  with  the  following 
MCMC parameters: 2 runs of 4 chains with 5,000,000 generations. 
Parsimony  trees  were  constructed  in  MEGA  v5  with  1000 
bootstraps for both species. Exploratory neighbor joining trees were 
constructed in MEGA v5 with 10,000 bootstraps for both species.	

Results	

Phylogenetic reconstruction of 45 N. cinerea sequences resulted 
4 distinct clades: Pacific Northwest (PNW), Rockies, Great Basin 
and Northern (fig. 1). The Great Basin and Northern clade are both 
found  in  the  YT (fig.  4,  fig.  2).  Reconstruction  of  N.  macrotis 
resulted  in  4  distinct  clades:  East  Central,  South,  North  and 
Fuscipes  (fig.  5,  Fuscipes  not  shown).   There  is  only  one  N. 
macrotis clade that occurs in the YT (fig. 2)	

Demographic history 
Methods	

We  used  DnaSP  v5.10.01  to  perform  4  tests  of  population 
expansion: Tajima’s D, Fu’s Fs and Ramos-Onsins & Rozas’ R2 with 
10,000  simulated  samples,  and  mismatch  distribution  analysis. 
These tests were conducted for the two species living within the YT. 
We divided N. cinerea  into the two separate clades (northern and 
Great Basin) and performed the analysis separately for each because 
each  clade  has  experienced  a  different  demographic  history. 
Bayesian skyline plots were created in BEAST v1.6.1 for both N. 
macrotis and N. cinerea to test the hypothesis that the populations 
have expanded.	

Results	

The results for Tajima’s D, Fu’s Fs and Ramos-Onsins & Rozas’ 
R2 indicated that the populations did not deviate from the null model 
of a constant population size (fig. 6). The mismatch distribution also 
indicated that neither population deviated from a constant 
population size (fig. 6). The Bayesian skyline plots revealed that the 
populations have remained constant or decreased overtime (fig. 6). 	

Conclusions 
The Yosemite transect is an interesting location for Neotoma 
cinerea. The Northern and Great Basin clades that occur in the 
Yosemite  Transect  have  likely  experienced  different 
demographic histories. The biogeographic distribution of both 
the Northern and Great Basin clades are divided, this is likely 
due to range expansion after  the last  glacial  maximum5. The 
range of the Great Basin clade expanded into the Sierra Nevada 
as the range of the Northern clade has receded out of the Sierra 
Nevada6.  As global  warming continues the Northern clade is 
likely to continue to contract in the Sierra Nevada.	

The demographic analysis of the two species revealed that 
both populations have remained stable over the the past century. 
The Bayesian skyline plots  of  the Great  Basin and Northern 
clade do show that the Great basin clade hase expanded while 
the Northern clade has remained constant.  Although, because 
we used mitochondrial DNA, we can only infer the population 
dynamics of the maternal line.	

Future  work  with  this  system will  include  use  of  nuclear 
DNA so that we may further infer the population dynamics of 
N. cinerea. We also plan to use ancient DNA in future work to 
infer the distribution of the Northern and Great  Basin in the 
Yosemite Transect through time. 	
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1) The geographic distribution of the 
four N. cinerea clades.  The different 
colors correspond to the clades from 
the phylogenetic reconstruction in fig. 
4.	

2) The YT, yellow box, is the transect 
that  Grinnell  and  Moritz  surveyed. 
The N. cinerea,  green and blue pins, 
and N. macrotis, yellow pins, are the 
sample  locations  we  used.  The 
different  colors  correspond  to  the 
clades in fig. 4.	

3)  The  elevation  profile  of  the  YT 
with  the  historic  and  modern 
distribution of each species plotted by 
elevation.   The  range  of  N.  cinerea 
has contracted while the range of N. 
macrotis has remained constant.	
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Fig.  4) Phylogenetic reconstruction for N. cinerea.  Node 
labels  represent  the  Bayesian  posterior  probabilities  and 
parsimony bootstrap support values (PP,BS). The colored 
lines  show  the  groups  of  clades  and  correspond  to  the 
biogeographic  clade  distribution  in  fig.  1.  The  blue  and 
green dots  next  to  sample names show samples  that  are 
within the YT.	
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Fig. 5) Phylogenetic reconstruction for N. macrotis. Node 
labels represent the Bayesian posterior probabilities and 
parsimony bootstrap support values (PP,BS). The colored 
lines  show the  groups  of  clades  and correspond to  the 
biogeographic  clade  distribution  (only  the  East  Central 
clade is shown in fig. 1). The yellow dots next to sample 
names show samples that are within the YT.	
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Fig. 6) The results of the 4 demographic analyses as well as the Bayesian 
skyline  plot  for  each  clade  are  represented:  Great  Basin,  Northern  and 
Macrotis. The mismatch distribution of the three clades is shown on the right; 
The blue bar represent the observed frequencies while the grey line represents 
the expected frequencies, estimates of D, Fs and R2 are shown above. On the 
left is the Bayesian skyline plot for each clade; the x-axis is time (going from 
present to past, left to right) and the y-axis is population size. The black line 
represents  the  median  estimate  and  the  blue  lines  represent  the  95% high 
density probability intervals.	
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